The marine sediment samples collected from the northeastern Brazilian continental shelf, at water depths between 20 and 80 m, consisted mainly of sands with an almost total absence of gravel and granules. Medium, coarse and very coarse sand grains are mostly composed of halimeda, lithothamnium, rodoliths and bioclastic sands with a carbonate content varying between 77 and 96 %. The chemistry in general shows a decreasing content of Ca (86.1 %) >Si (6 %) > Cl (3.6 %) > Sr (0.8 %) > K (0.66 %) > S (0.62 %) > Al (0.6 %) > Na (0.55%) > Mg (0.43 %) > Fe (0.4 %) > P (0.2 %) > Br (0.04 %) in the samples. There was no correlation between CaCO3 and chemical contents and grain size with depth and biocomponents. With the exception of Sr of marine origin, all other elements (P, S, Br, Cl, Fe) are of continental origin. The lithothamnium of some offshore samples shows higher CaCO3 content, while Mg and Na are present only in halimedas. Bioclastic sands contain no Br, and silt and clay fractions are rare and characterize samples closer to the coast. These marine bioclastic granulates are of very pure biogenic calcium carbonates and are thus highly to be recommended for economic purposes.
INTRODUCTION
The main mineral products of Ceará are ornamental rocks thanks to their crystalline geology rich in granites and marbles, being the second major Brazilian northeastern state in non-metallic mineral production. Even so, there are still vast economic metallic (e. g. uranium) and non-metallic mineral resources such as the immense amount of marine algal carbonate on the continental shelf with an extension of about 45,000 km 2 (FREIRE, 1985; REDE APL MINERAL, 2008) .
The algal carbonate deposits represent a very important natural resource practically covering the whole continental shelf with an estimated 2 x 10 11 t of carbonate biogenic matter, that have as yet been little exploited (COMISSÃO NACIONAL INDEPENDENTE SOBRE OS OCEANOS, 1998).
The study area, the continental shelf including the coastal banks of the Ceará State, is mostly constituted of coarse-grained carbonates composed of ramified coral algae with considerable occurrences of halimeda, lithothamnium and rodoliths, which are the major components of the sea bottom platform supplying fish and crustaceans with nutrients. These deposits are also characteristic of the Brazilian northeastern marine hard beds covered with biomass rich in marine algae. The carbonate algae are the most important marine organisms producing calcium carbonate and acting in the formation and maintenance of the coral reefs (SALES et al., 1993; FREIRE; CAVALCANTI, 1998) .
Carbonate deposits (similar to those of the Brazilian northeastern continental platform) have frequently been exploited for industrial purposes by several countries since the 1960´s, mainly being used for acid soil correction. There are some reports from the Brazilian southern coast where carbonate sediments with concentrations of between 50 and 75 % CaCO3 have been used for cement production, animal nutrients, and in the cellulose industry etc. (MONT'ALVERNE; COUTINHO, 1982; CALLIARI et al., 1999; DE MELO; FURTINI NETO, 2003) .
The carbonate deposits of the Ceará platform are of highly important economic potential, however there are still few studies of their geochemical characteristics. The main objective of the present paper is to establish a geochemical data bank for such deposits and to create a scientific base for the proper exploitation of the so-called Exclusive Economic Zone (ZEE). Thus, the present study focused on the total concentrations of carbonate and some chemical elements of the carbonate sediment samples collected along the Brazilian northeastern platform and banks during the years 1998 and 2000 within the REVIZEE project.
This study is also important when one considers the possibility of the intensification of the fossil fuel exploitation activities of PETROBRAS (the Brazilian national oil company) on the Ceará -Rio Grande do Norte continental platform, which could further impact the environment just as has been reported for the Brazilian Campos platform and other oil producing hot spots of the world (STEINHAUER et al., 1994; REZENDE et al., 2002; POZEBON et al., 2005; MARINS, 2006) .
MATERIALS AND METHODS

Sampling
The sediment samples analyzed for the present study were obtained during the REVIZEE Program 1995 -2000 (COUTINHO, 2005 , a national project for the evaluation of the living marine resources of the Brazilian Exclusive Economic Zone (ZEE). Sediment samples were collected with a stainless steel grab and a Van Veen sampler at different water depths ranging between 10 and 100 meters along the coast from the State of Ceará to that of Bahia (Fig. 1) . Nineteen samples (from water depths ranging between 20 and 80 m) from the several REVIZEE expeditions such as Northeast II, Northeast III and Northeast IV were chosen randomly.
Treatment of Samples
The samples were processed in accordance with the standard procedures of desalination, dehydration (at 60°C during 48 hours), homogenization and quartering. Finally, they were properly stored while awaiting the analyses of particle size distribution, carbonate content and chemical element concentrations.
Laboratory Analysis
Grain Size
The grain size analyses of the samples were performed by using a modification of Folk´s method (1974) at the Applied Marine Geology Laboratory of the Federal University of Ceará: 50 g of the treated sample was wet sieved to obtain fractions finer than 0.062 mm (silt and clay), which were dehydrated at room temperature. Their clay and silt content was < 25 % of the total weight of the sample, and therefore the fractions < 0.032 mm were not measured. To hold back the coarser fractions (> 0.062 mm), dry sieving was carried out using a screen set of stainless steel sieves to separate the following coarse fractions: 5.66-4.00 mm, 4.00-2.83 mm, 2.83-2.00 mm, 2.00-1.41 mm, 1.41-1.00 mm, 1.00-0.710 mm, 0.710-0.500 mm, 0.500 -0.350 mm, 0.350-0.250 mm, 0.250-0.177 mm, 0.177-0.125 mm and < 0.88 mm. The grain size classification was based on Larsonneur (1977) , using the ANASED software (V. 5.0).
Carbonate Content (%)
A modified Bernard calcimeter and the acid leaching method (LAMAS et al., 2005) were used indirectly to obtain the calcium carbonate content by measuring the CO2 gas volume produced from the reaction of hydrochloric acid with the carbonate of the whole original sample (rich in algae, halimeda, lithothamnium and rodolith nodules and its lithoclastic and bioclastic matrix). First, the volume (Vst) of saltsatured (saturated ?) water displaced by the carbon dioxide gas released from the chemical reaction of the 2 ml HCl 10% with the carbonate in a 0.5 g standard sample of 99 % CaCO3 (Cst) was measured. The same procedure was applied to the samples and their percentage of calcium carbonate was calculated using the equation: [csa (% CaCO3) = (vsa x cst) / vst], where csa is the CaCO3 concentration of the sample, vsa the salt-saturated solution displaced by the carbon dioxide produced from the reaction of the HCl with the calcium carbonate in the sample, cst is the CaCO3 standard concentration, and vst the volume of saltsaturated water displaced by the standard sample.
The concentration of chemical elements was determined by X-ray fluorescence (XRF) with a Rigaku ZSX Mini II XRF spectrometer at the Department of Physics of the UFC. The analysis was performed on the different constituents of 10 subsamples such as the halimeda of the samples Am-36, Am-42, Am-73, Am-101, Am-86, the lithothamnium of the samples Am-93 and Am-113, the rodoliths of the samples Am-92 and Am-94 and the bioclastic sands of the sample Am-109.
For this analysis a Mylar© film with low absorption characteristics was stretched over about 1.0 g of the sample powder, and then subjected to the X-ray fluorescence programmed to scan elements from F to U, according to the suspended powder method as described in the Rigaku ZSX Mini II instruction manual. The chemical elements detected were Na, Mg, Al, Si, P, S, K, Ca, Fe, Br, Sr and Cl. 
RESULTS
Grain-size
The sediment samples were mostly marine bioclastic sands according to the classification of Larsonneur (1977) , with grain sizes varying between sand and gravel. No fine fractions such as silt and clay were determined (Table 1) . Generally the samples showing some clay or siltE fraction are located closer to the coastal areas, whereas the samples classified as sandy gravel and gravel after Shepard (1954) are found in offshore locations, sampled at water depths of between 20 and 80 m and in samples from the coastal banks. They consisted mainly of halimeda and lithothamnium, with some rodoliths, halimeda sands, coralline alga and shell fragments.
Concentration of CaCO3
The calcium carbonate concentrations of the samples are high, ranging from 77 to 96 %, with an average value of 89 ± 4 %. The mean CaCO3 percentage of each individual sedimentary material varies slightly, decreasing in the following sequence: halimeda (90 %) > carbonate sand (89 %) > lithothamnium (88 %) > halimeda sands (87 %), (Table 2) .
Generally, there is no preferential trend in the distribution of the calcium carbonate content with water depth or kind of bio-constituent, although the higher contents of lithothamnium (Am-92 (91 %), Am-86 (91 %), Am-93 (91 %), Am-94 (91 %) and halimeda (Am-101 (90 %), Am-92 (91 %), Am-86 (92 %), Am-93 (96 %)) appear to be preferentially located offshore (Figs. 2 and 3) . [1995] [1996] [1997] [1998] [1999] [2000] .
Taking the carbonate concentrations into account those sediments were reclassified as bioclastic sands (80 % of the total samples), varying between bioclastic sand and bioclastic sand with granules and gravels. The rest (20% of the total samples) were classified as bioclastic gravels, according to Freire et al. (1997 , adapted from Larsonneur, 1977 who considers the carbonate content in its grain size sediment classification). Table 3 shows the chemical element concentrations of the different constituents of the samples. With some exceptions (Na, Mg, Br) all the elements Mg, Al, Si, P, S, K, Ca, Fe, Br, Sr, Cl were detected in all samples.
Concentration of Chemical Elements
As expected, the most abundant element was Ca. The mean Ca concentration of the constituents ranged from 83 % to 93 %, decreasing in the following order: bioclastic sand (94 % Ca) > rodoliths (88 % Ca) > halimeda and halimeda flour (85 % Ca) > lithothamnium (83 % Ca).
The Si concentrations also varied widely, from 2.0% to 11% in the following decreasing sequence: lithothamnium (11% Si) > halimeda and halimeda flour (6.0 % Si) > rodoliths (4.0 % Si) > bioclastic sand (1.0 % Si). Chlorine showed a median abundance with a mean concentration of 3.0 % Cl, whereas Sr, Al, K, S, Fe, P and Br represent the less abundant elements (mean concentration < 1.0 %).
Sodium was only detected in two samples of the halimeda from depths of about 50 m on the offshore platform (Am-51 and Am-101) and these contained Fe and Al at or below detection limits although both elements were almost always present in all the sample components. The highest Fe concentration (2.32 % Fe) was found in the rodoliths of the sample (Am-92; 49.7 m) similar to that of the already mentioned halimeda sample (Am-101; 50 m) without Fe and Al. The bioclastic sand sample (Am-109; 40 m) of the most northerly part of the study area showed the lowest Fe concentration (0.11% Fe), being the only sample without Br in its chemical composition, whereas there is a restricted occurrence of Mg in the halimeda sample (Am-36; 70 m) of the southern part of the area. Finally, the mean relative percentages of these elements decreases in the following order: Ca (86.1 %) > Si (6 %) > Cl (3.6 %) > Sr (0.8 %) > K (0.66 %) > S (0.62 %) > Al (0.6 %) > Na (0.55 %) > Mg (0.43 %) > Fe (0.4 %) > P (0.2 %) > Br (0.04 %) (Fig. 4) . 
Pearson Correlation Coefficients
The Pearson correlation coefficients were calculated among the concentrations of K, Ca, Sr, Fe, Al, Si, P, S, Cl and Br. There is no correlation coefficient data for Na and Mg because they were detected in one or two samples only (Table 4) .
DISCUSSION
The northeastern Brazilian continental shelf of Ceará can be divided into offshore and inshore platform sectors, where most of the sampling stations were located representing the organogenesis facies of Freire (1985) and Freire et al. (2004) .
The dominantly biogenic composition of the offshore platform sediments is due to a combination of various factors such as the semi-arid equatorial climate, small and sparse fluvial drainage, and relatively low rainfall (mainly during the period from June to December, with an average annual precipitation of around 1,400 mm), which all contribute to a low input rate of terrestrial sediments (FREIRE, 1985; SALES et al., 1993; COUTINHO, 1995; FREIRE; CAVALCANTI, 1998) .
The essentially biogenic characteristic of the sediments is due to the macroscopical algae components present in all the samples rich in lithothamnium, halimeda, rodoliths, bioclastic sands and shell fragments and to the high calcium carbonate content ranging from 70 to 97 %, far above the reference value distinguishing lithoclastic from bioclastic sediments, according to Freire et al. (1997) and Larssoneur (1977) .
These bioclastic marine sediments of halimeda, lithothamnium, rodoliths and bioclastic sands are of marine biogenic origin rich in Ca (Ca: 83 to 94 %), but poor in Si, Al and K (Si: 0.41 % to 21 %, Al: 0.19 % to 2.12 %, K: 0.2 % to 1.66 %) whereby it is to be concluded that the latter contents are derived from the clastic continental sources.
The correlation coefficients (r > ± 0.5) point to biomarine sources for Sr (Ca/Sr = 0.62, Si/Sr = -0.66) and land sources for P (Ca/P = -0.63, Si/P = 0.60), S (Ca/S = -0.66, Si/S = 0.58), Br (Ca/Br = -0.97, Si/Br = 0.99) and Cl (Ca/Cl = -0.62, Si/Cl = 0.53). In the case of Fe, with the exception of the correlation Fe/Br (r=0.99) that indicates continental rather than biomarine sources, all the other correlation coefficients obtained were insignificantly low (all r < ± 0.32) (Fig. 5) . Table 4 . Pearson correlation coefficients between the chemical components of the marine carbonate sediment samples of the Brazilian northeastern continental shelf. REVIZEE Program (1995 -2000 . The co-assimilation with carbonates, which can occur during the formation of algal carbonate accumulations, can remove chemical substances from the interstitial solutions of the mainly superficial inshore platform sediments, released by more intense fluxes of the interstitial waters in this zone (FREIRE 1985) . However, interstitial adsorption in the biominerals of these organisms (or other extracellular points or non-metabolic components) seems to play no important role regarding Fe, probably due to its ability to act as an inhibitor of calcium carbonate precipitation (LUTZ et al., 1996; YASUSHI; YASUSHI 1986; WILSON et al., 2004; ARYAL et al., 2006 , EHRLICH, 1996 MARCADAM; PARSON, 2004) . Metals can be passively (bioabsorption) and actively (bio-accumulation) captured by algae (MORSE, 2003; JAHAN et al., 2004) .
The growth of algae through the biological assimilation of carbon dioxide, mainly by photosynthesis and bio-mineralization, and the algae's ability to capture metals are well known and have been used for pollution control. Nevertheless, there is little information about the consequences of the exposure of algae to a metal rich medium (YAN, 1999; HAMDY, 2000; STIRK; VAN STADEN, 2002; SCHULTZ et al., 2004 , WILSON et al., 2004 BUCUR; SASARAN, 2005) .
Due to their high calcium carbonate content, ranging from 83 to 96 %, and the total absence of toxic chemicals, the carbonate algae of the CE-RN continental platform show great potential for use for pharmacological and cosmetic purposes. However, in order to corroborate this preliminary geochemical statement, further chemical analysis of a larger number of sampling points of this huge deposit is required.
CONCLUSIONS
Considering the immense volume and biogeochemical characteristics, significant economic importance should be attributed to the coarse-grained marine deposits of the continental shelf within the legal domain of the States of Ceará and Rio Grande do Norte.
All the bioclastic samples analyzed, rich in calcium carbonate and free of metallic pollutants, indicate an extremely pure carbonate deposit, with great potentiality for various industrial purposes such as nutritive supplements in general, cosmetic components, pH correction of soils, etc. On the other hand, the calcium of marine biological sources is more easily absorbed than that of geological origin, which constitutes a positive environmental factor. Future sampling campaigns and geochemical analysis, covering the whole range of the deposits, will certainly provide the basis for a better understanding of these marine deposits and their economic usefulness.
